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Introduction
Body mass index is positively and independently associated with morbidity and mortality from hypertension, cardiovascular disease, type II diabetes mellitus, and other chronic diseases [1] . In Caucasian populations, a strong association has been depicted between BMI and mortality [2, 3] . A similar association has also been demonstrated among Asian populations [4, 5] .
Globally, high blood pressure is estimated to cause 7.1 million deaths, about 13% of the total. About 62% of cerebrovascular disease and 49% of ischaemic heart disease are attributable to suboptimal BP (systolic > 115 mm Hg). Overweight and obesity increase the risks of high BP, coronary heart disease, ischaemic stroke, type II diabetes mellitus, and certain cancers. Worldwide, about 58% of diabetes mellitus and 21% of ischaemic heart disease are attributable to BMI above 21 kg/m 2 [6] .
In developing countries, high blood pressure is one of the risk factors for cardiovascular diseases, and the estimated 7.1 million deaths especially among middle, and old-age adults is due to high BP [6] . Developing countries are increasingly faced with the double burden of hypertension and other cardiovascular diseases, along with infection and malnutrition [7] . The relationship between BMI and BP has long been the subject of epidemiological research. Positive association BMI and BP have also been reported among Asian populations [8] [9] [10] .
The burden of cardiovascular disease is high in South Asian countries, in their process of economic development [11] . Several studies indicate that high BP is associated with age and is also because of the process of modernization [12, 13] . India in a process of rapid economic development and modernization with changing lifestyle factors has an increasing trend of hypertension, especially among the urban population [14] .
Hypertension was found to be more prevalent among men than women in a study conducted among senior citizens of Delhi, India [15] . In Ethiopia and Vietnam, also hypertension was significantly more prevalent among men than women. Urban residence is the common factor in the abovementioned studies. A higher urban prevalence of hypertension was also reported in a multicentre study among elderly people in Bangladesh and India [16] . A significantly higher mean systolic and diastolic blood pressure among urban than rural men was reported in elderly populations of North India [17] .
Around the world, traditional populations often have low blood pressure (<120/80 mm Hg) and show little increase with age [18] . Similarly, in India, the traditional tribes and caste groups, which represent a substantial percent of the country's population, are believed to have lower BP than other ethnic groups [19] . Gradually, with changing social environment, marked increase in BP was noted [20] . However, few tribes and caste populations have been explored for such studies, in spite of India's diversity in terms of biological as well as sociocultural backgrounds, especially in northeastern region of India.
Subjects and Methods
A cross-sectional study was carried out among 257 Tangkhul Naga males, age ranging from 20 to 70 years. The subjects were divided into five different age groups with ten years interval each to study the age trend of height, weight, BMI, and BP. Door-to-door survey was carried out to collect data. The subjects were selected from Tangkhul villages in Ukhrul district of Maniput, Northeast India. Both the purpose of the study and techniques to be used were explained to each subject. Only those who volunteered and gave written consent were studied. All experiments were performed in accordance with relevant guidelines and regulations. The research described was compliant with basic ethical standards.
Tangkhul Naga is one of the subgroups of Naga tribe. The Nagas inhabit not only in NE India but also in the Western parts of Myanmar. The Tangkhul belongs to the Mongoloid stock and linguistically they belong to TibetoBurman language family. Tangkhul Naga is one among the major tribes of Manipur, North East India, which constitutes 19.7% of the state's total tribal population. The population of Tangkhul Naga is 146,075 and literacy rate is 72.7% [21] .
Traditionally, the main source of income of the Tangkhuls was agriculture. The advent of Christianity and western education among the Tangkhuls in the later part of the 19th century played a major role in the transformation of their belief, traditional practice and education, which is the key to development and socioeconomic changes among them. With urbanization and economic development there, has been a major shif in their occupation, improvement in socioeconomic status, and lifestyle.
The staple food of the Tangkhul Nagas is rice. Most of them take lesser sweets, oily foods, and milk products when compared with the mainland Indian populations but take a lot of nonvegetarian food and leafy vegetables. Their salt intake is usually moderate. Young people often indulged in junk food and soft drinks. Nutritional transition characterized by growing intake of fat-rich diet, processed and fast food culture was observed among the subjects in younger age groups.
The Tangkhul Naga Tribe has undergone a lot of changes in the past one century in every sphere of their lives, in terms of occupation, economy, religion, traditional practices, and overall lifestyle. The socioeconomic development has created changes in dietary intake, food consumption patterns, and physical activity levels over the years. The transition has brought about nutritional transition, changes in their body composition, physiological functions, and also health among others. It has also contributed to the problem of increasing overweight/obesity and cardiovascular diseases among Tangkhul population. In the present study, an attempt has been made to find the association between body mass index, age, and blood pressure among Tangkhul Naga males of Manipur, North East India.
Assessment and Classifications of BMI and BP.
For the assessment of BMI, height, and weight measurements were taken using standard protocols given by Weiner and Lourie [22] . Stature was measured by anthropometer to nearest 0.1 cm and weight was measured using portable spring weighing machine with least count of 0.5 kg, in light clothing and without shoes. Standard mercury sphygmomanometer with appropriate cuff size was used to measure blood pressure. The subject was asked to sit relaxed in a chair with her/his arm supported comfortably and the pressure cuff was applied closely to the upper arm. The cuff was rapidly inflated to pressure above the level at which the radial pulse could no longer be felt. The stethoscope was placed lightly over the brachial artery and the mercury column was immediately allowed to fall at the rate of 2 mmHg per second. The first perception of the sound was taken as the systolic pressure and then the mercury was allowed to fall further till the sound ceased to be tapping in quality, became fully muffled, and finally disappeared. The level where it disappeared was taken as the diastolic pressure. The cuff was then deflated to zero pressure. The measurement was repeated twice with five-minute interval and the average taken for accuracy.
Statistical analyses of the data collected were carried out using SPSS 10.0. Beside descriptive statistics, to test the differences between the age groups, t-test was done. Correlation analyses were done to determine the association between BMI, age, systolic, and diastolic BP. Multinomial logistic regression was performed to explain the impact of predictor variables in terms of odds ratios. The value of BMI was calculated and summarized age group wise, and in order to assess BMI-based nutritional status, recommended cutoff points for Asians [23] were used. Blood pressure was classified based on JNC 7 [24] .
Body mass index (BMI) is calculated as the weight in kilograms divided by the square of the height in meters (kg/m 2 ). A BMI of over 25 kg/m 2 is defined as overweight, and a BMI of over 30 kg/m 2 as obese. However, WHO advocated a lower limit of normal BMI in Asian Indians as the risk associated with diabetes and cardiovascular diseases occurs at lower levels of BMI. The WHO suggested BMI categories are as follows: <18.5 kg/m 2 underweight; 18.5-23 kg/m 2 increasing but acceptable risk; 23-27.5 kg/m 2 increased risk; ≥27.5 kg/m 2 high risk [23] . In Asian subjects, the risk associated with diabetes and cardiovascular diseases occurs at lower levels of BMI when compared with the white population. This is attributed to body fat distribution; Asian Indians tend to have more visceral adipose tissue, causing higher insulin resistance, despite having lean BMI [25, 26] . Based on the seventh report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure [24] , normal BP is define as less than 120/80 mmHg, prehypertension as 120-139/80-89 mmHg, stage I hypertension as 140-159/90-99 mmHg, and stage II hypertension as equal to and above 160/100 mmHg.
Results
Basic data and BMI of Tangkhul Naga males in five different age groups are displayed in Table 1 . The mean value for height was found to be highest in the youngest (20-29 years) age group. Mean height decreased in each decade in the successive age groups and lowest mean height was found among the oldest (60-70 years) age group. The differences in mean height were statistically significant only between 50-59 yr and 60-70 yr age groups, whereas among the rest of the groups, the differences were statistically non significant.
Body weight increased with age till the age of 49 and decreased thereafter but the differences were statistically significant only between 20-29 yr and 30-39 yr age groups and between 50-59 yr and 60-70 yr age groups. Weight was found to be highest among 40-49 yr age group and lowest among 60-70 yr age group. The overall mean value of all the age groups for height and weight were 162.0 cm and 54.9 kg, respectively. Table 1 also shows BMI in different age groups. Maximum value for mean BMI was 22.3 kg/m 2 , found among 40-49 yr age group. BMI was found to be lowest among 20-29 yr age group and declined thereafter. The differences in mean BMI was statistically significant between all the age groups except for 40-49 yr and 50-59 yr age groups. The mean value of all the age groups for BMI was found to be 20.9 kg/m 2 . Table 2 shows systolic and diastolic blood pressure in different age groups. Both the mean systolic and diastolic .167 * *
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BP were found to be lowest among the youngest age groups. Systolic BP increased steadily with age and the highest was found among the oldest age group. The differences in mean systolic BP between different age groups were statistically nonsignificant. Diastolic BP increased with age till 40-49 yr and declined thereafter but the differences in mean BP between age groups were statistically nonsignificant with the exception of 20-29 yr and 30-39 yr age groups. Table 3 displays the distribution of subjects in different categories of BMI and BP. Maximum numbers of subjects were in normal BMI category (68%) followed by those in overweight/obese category (17.6%). Lowest numbers of subjects were found in underweight (14.4%) category. As assessed from systolic blood pressure, maximum numbers of subjects were in prehypertension (47%) stage followed by those with normal (30.7%) systolic BP. Diastolic BP showed maximum subjects to have normal (42.8%) BP followed by those in prehypertension (23.3%). There were sizeable numbers of stage I hypertensive subjects as assessed from both systolic (16%) and diastolic (27.6%) blood pressure among Tangkhul Naga males. There were also 5.8% and 6.2% stage II hypertensive subjects as assessed from systolic and diastolic blood pressure respectively. Table 4 displays the value of systolic and diastolic BP in different BMI categories. Minimum mean systolic and diastolic BP were found in underweight category and the maximum systolic and diastolic BP were found among obese category. The mean values of both the systolic and diastolic BP increased from underweight to normal and then to overweight and obese category. It showed that mean systolic and diastolic BP increased with increasing BMI level.
Correlation between BMI, BP, and age with level of significance given in Table 5 . There were significant (P < 0.01) positive correlations of BMI with both systolic and diastolic BP. It showed that BP increased with increase in BMI. Correlation coefficient showed that relationship of BMI with diastolic BP (0.378) was stronger than systolic BP (0.274). There was also significant (P < 0.05) positive correlation between age and BMI, but the magnitude of correlation of age with systolic and diastolic BP (P < 0.01) was more than that of age with BMI. Table 6 displays the odds ratio for predicting systolic and diastolic blood pressure. Multinomial logistic regression was applied for predicting systolic and diastolic BP using BMI as the independent variable. As assessed from systolic blood pressure, it showed that those who were overweight/obese (BMI ≥ 23 kg/m 2 ) were 1.47 times more likely to have prehypertension, 2.42 times more likely to have stage I hypertension, and 4.78 times more likely to have stage II hypertension than those who were in normal BMI category. Assessing from diastolic blood pressure showed that those who were overweight/obese (BMI ≥ 23 kg/m 2 ) were 2.49 times more likely to have prehypertension, 3.76 times more likely to have stage I hypertension, and 7.39 times more likely to have stage II hypertension than those who were in normal BMI category. Those who were underweight (BMI < 18.5 kg/m 2 ) were less likely to have higher systolic and diastolic blood pressure than those who were in normal BMI category.
Discussion
Increasing secular trend in the mean stature was evident from the oldest to the youngest age groups. Improvement in socioeconomic conditions, and better nutrition among the younger subjects could be the reason. The reason for decline in stature in advanced age could also be due to thinning of intervertebral discs as well as flabbiness of muscles, which changes the posture. Aiken [27] reported that a loss of collagen between spinal vertebrae causes the spine to bow and the height to shrink. Similar findings have been reported by Kapoor and Tyagi [28] and Bhardwaj and Kapoor [29] .
The Tangkhul Nagas were small and slender in comparison to the mainland Indian or the western populations. Body weight increased with age till the age of 49 years and slightly decreased after 50 years. The increase in body weight and BMI with age and decline in advanced age has also been reported by Kapoor and Tyagi [28] and Tandon [10] . Increase in body weight till middle age may be due to the accumulation of fat with age as the younger subjects have larger appetite leading to increased energy intake, fatrich diet, and relatively less energy expenditure due to lesser involvement in physical activities. The decline in body weight in more advanced age may be attributed to the decrease in muscle mass in response to reduced amount of protein intake as well as decline in number and size of muscle fibers due to degenerative diseases associated with the advancing age. It may partly be due to bones becoming lighter because of gradual mineral mass loss [30] . Age was positively correlated with BMI and both systolic and diastolic BP. Systolic and diastolic blood pressures increased with age steadily from the youngest to the oldest age group showing the dependence of BP on age. Earlier studies also indicated that high BP is associated with age [13, 31, 32] . In the present study, association of age with systolic and diastolic blood pressures was stronger than that of age with BMI. Thus, the association of systolic and diastolic BP with age was more significant than that of BMI with age. Blood pressure was higher in the elderly strata of the sample with or without a corresponding elevation in BMI suggesting the involvement of some other contributory factors also for hypertension besides fats accumulation alone. A significant correlation between BP and age was also reported in a study from North India [33] .
Correlation analyses between BMI and BP showed significant positive correlations between them. When the mean systolic and diastolic blood pressures among different BMI categories were evaluated, it was found that mean systolic and diastolic blood pressure increased with increasing BMI from lowest BMI to the highest BMI category. Both systolic and diastolic BP increased with increase in BMI level. In a study conducted among Punjabi girls of Delhi, a significant correlation of BMI with blood pressure was also found [9] . Positive associations between BMI and BP have also been reported in other Indian populations [8, 10] .
The present study showed BMI as strong predictor of blood pressure. Kumanyika et al. [34] have shown body mass index to be even more strongly related than race to blood pressure and that its effect is similar across surveys in the United State and within sex and racial groups. A number of investigators have concluded that among many relevant factors, body mass index is one of the most important predictors of blood pressure. Although ethnicity and genetics have long been known to influence the distribution of blood pressure levels within a population, these factors seem to have less bearing on the difference in blood pressure levels between populations [35] .
Odds ratio showed that BMI is a significant predictor of high systolic and diastolic BP. Similar findings have been reported in other studies [10, 33, 36] . Underweight subjects were less likely to have high blood pressure than those who were in normal BMI category. Overweight or obese subjects were more likely to have significantly higher blood pressure than those with normal BMI in all the three stages of prehypertension, stage I hypertension, and stage II hypertension. In the present study, multinomial logistic regression analysis identified overweight and obesity as significant determinants of hypertension among Tangkhul Naga males.
Conclusion
The study demonstrated that body mass index is closely associated with both systolic and diastolic blood pressure among the Tangkhul Naga males. BP is also associated with rising age independently. Though the magnitude of correlation differed, there was positive and significant correlation among BMI, age, systolic and diastolic blood pressures. Mean systolic and diastolic BP levels were higher among subjects with elevated BMI. The risk of hypertension was higher among population groups who were overweight or obese. There were sizable numbers of hypertensive subjects, especially in stage I. Although traditional populations around the world were often believed to have low blood pressure, gradually with changing socioeconomic environment, marked increase in blood pressure and overweight or obesity level has been noted as was evident from the present study among the Tangkhul Naga Tribal Males.
